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Abstract— Temperature and leakage current on the ZnO arrester are interrelated with each other. In low 
conduction region, voltage-current characteristics of ZnO surge arrester are highly dependent on 
temperature. The leakage current will increase as the temperature increases and experience thermal runaway 
when the temperature exceeds the acceptable limit. This phenomenon is associated with the increase of 
resistive leakage current due to degradation. Therefore the temperature and leakage current are good 
indicator to evaluate the condition of ZnO arrester. This paper proposed the degradation  prediction of ZnO 
surge arrester by analyzed the temperature and leakage current. The 132 kV station type ZnO surge arrester 
was employed. Temperature profile of ZnO arrester was obtained using thermal camera. The leakage 
current was measured simultaneous with the temperature measurement to attain the leakage current at the 
actual temperature. The results shows the leakage current continue increasing by increasing the 
temperature.  
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 Introduction 
Surge arrester covers a wide range of power 
system is of importance in utility protection 
against surge or switching over voltage. 
Therefore, the occurring faults in surge arrester 
may severely affect the continuity  of electric 
supply to industries and consumers.  
In order to minimize the numbers of 
breakdown and to increase the reliability, surge 
arrester condition should be monitored for 
indications and initial fault detection. By this, the 
life of surge arrester could be elongated and the 
catastrophic consequences of failure could be 
avoided. Consequently, fault diagnosis and 
condition monitoring of surge arrester have been 
a research subject in recent years.  
Traditionally, to monitor the conditions and 
diagnose the surge arrester faults, leakage current 
and third harmonic of leakage current are 
commonly used due to their good indicator of 
degradation of surge arrester. Some outstanding 
researchers [1-5] have successfully employed 
these leakage current signal for fault detection and 
diagnosis areas. However, it is necessary to 
increase the fault diagnosis capability and 
implement suitable features which intensify the 
fault detection ability for ZnO arrester. 
In this research, in order to get accurate 
condition of arrester the leakage current and 
temperature were observed simultaneous. The 
temperature distributionappearing on the ZnO 
arrester blocks was observed using thermography 
camera.  
In particular, the correlation betweenthe 
temperature and leakage current of a ZnO arrester 
was analyzed experimentally. From this analysis, 
the temperature behaviour and 
phenomenaresulting from the heat generation and 
dissipation of the ZnO arrester was discussed. 
 Thermal Runaway 
When a distribution ZnO arrester is connected 
with the electricpower system  during normal 
condition, the DC leakage current flowing 
throughthe distribution ZnO arrester is less than 1 
mA. However, thetemperature of the ZnO arrester 
block increases and the resistancedecreases when 
the huge surge energy absorption occurs. As a 
result,the leakage current goes up and the level of 
heat generation inthe ZnO arrester block increases 
sharply. Fig.1 shows the thermalchange curve of 
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the ZnO arrester block. In Fig.1, in the 
regionbelow the temperature limit, t1, the level of 
heat generation ofthe ZnO arrester is lower than 
the level of heat dissipation. 
The temperature decreases gradually, finally 
reaching a stable conditionas shown in curve B. 
On the contrary, when the temperatureof the ZnO 
arrester block reaches a level of higher than the 
temperaturelimit t2, the level of heat generation 
becomes higher than the level of heat dissipation 
and degradation occurs as shown by curveA at the 
end, ultimately resulting in thermal runaway [6]. 
 
 
 
Figure 1. Thermal runaway phenomenon [6]. 
 
 Thermal Stability 
Thermal stability is one of the important 
application criteria for ZnO arresters. The thermal 
model is analysed with the help of heat loss-input 
diagram given by M.V. Lat shown in Fig. 2. The  
dash line at figure 2 represents the power 
dissipation of arrester element at constant applied 
voltage (50 Hz). The solid line represents the 
ability of the ZnO element to dispose heat to the 
atmosphere which is proportional to the 
temperature above the ambient temperature.  
Accordingly, the two curves has an 
intersection at two points: one at low temperature 
called as stable operating point and other at high 
temperature called as instability threshold point. 
To achieve the thermal stability, the power 
dissipation in the element should be balanced 
against the heat lost to the environment. Regions 
I and III in the Fig. 2 shows instability condition, 
where if the power dissipation exceeds heat lost 
from the element. Due to this phenomenon, the 
energy will be stored in the arrester element and 
leads to an increase in temperature. Region II is 
where heat loss exceeds the powerdissipation in 
the element. Therefore, the temperature of the 
element always settles at the stable operating 
point between regions I and II till the temperature 
value does not exceed instability threshold point. 
If there is an increase in the temperature then there 
will be an divergence beyond the instability 
threshold point will leads to the thermal runaway. 
 
 
 
Figure 2. Thermal stability profile [3] 
 
 Leakage Current and Temperature 
The measurement of total leakage current 
flowing through ZnO surge arrester under normal 
conditions is used as one of the health monitoring 
techniques. However, the total leakage current 
measurement does not indicate the severity of 
degradation of ZnO element as the resistive 
current (Ir) is only 15-25% of the total leakage 
current [2, 7, 8]. Hence, a sharp increase in 
resistive current due to degradation or ageing of 
ZnO blocks does not affect the total leakage 
current considerably. The higher resistive leakage 
current may ultimately bring in the ZnO surge 
arrester to thermal instability and may result in a 
complete failure or breakdown of the arrester. The 
third harmonic of the resistive leakage current is 
the true indicator of health of ZnO surge arrester 
in service. 
Many researchers conducted researches to 
separate the resistive leakage current from the 
total leakage current [9]. The shifted current 
method claims that it can be separate the resistive 
leakage current with 95% accuracy [10]. The 
method based on waveform manipulation to get 
capacitive current of leakage current and 
subtracted it to get the resistive part of the leakage 
current. 
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The resistive component of the leakage current 
is responsible for the heating of the surge arrester 
(in the absence of external factors) and its increase 
is reflected as an increase in the temperature of the 
equipment. If the surge arrester is in perfect 
condition, such heating is practically uniform on 
the surface and will be within predetermined 
limits. On the other hand, the occurrence of 
degradation may change the distribution of 
currents in the arrester blocks. 
 When this occurs, the ZnO grains could be 
allowing the passage of an amount of current 
higher or lower than normal. In the first case, the 
grain behaves like a short circuit, increasing the 
current passing through it and, consequently, 
decreasing the current in its vicinity.  
The degradation generates the appearance of 
hot spots or hot regions. The leakage current and 
temperature therefore display a relationship of 
complimentarily and can be combined to use as 
indicator of arrester condition. 
 
 Research Metodology 
Device under test is a used 132 kV station type 
gapless surge arrester. The experimental carried 
out in the laboratory and diagram of experimental 
arrangement of leakage current measurement are 
as shown in Fig. 3. The configuration consisted of 
an adjustable voltage source, a voltage regulator, 
a step up transformer, a protective resistor and test 
object (surge arrester) in series with shunt resistor. 
The surge arrester was placed on the platform of 
the measurement system. A portable 
thermography camera was used to capture 
temperature of metal surge arrester through the 
thermography image, and at the same time the 
leakage current was also measured through the 
shunt resistor and recorded using oscilloscope. 
The experiment was performed by applying a 
voltage of 80 kV to 110 kV with step 1 kV and 
monitored using the oscilloscope. In every step, 
the thermography image as temperature data and 
leakage current were measured and stored in a 
database system. 
The data was analyzed and discussed 
whether can be used as an indicator or not. And 
analyzed what is the correlation between leakage 
current and temperature. 
 
 
Figure 3. Experimental set up 
 
The experiment was performed by applying a 
voltage of 80 kV to 110 kV with step 1 kV and 
monitored using the oscilloscope. In every step, 
the thermography image as temperature data and 
leakage current were measured and stored in a 
database system. 
The data was analyzed and discussed 
whether can be used as an indicator or not. And 
analyzed what is the correlation between leakage 
current and temperature. 
 
 Results and Discussion 
The thermal image and leakage current of 
132kV ZnO surge arrester applied voltage 90 kV 
were shown in Fig. 4a and 4b respectively. 
 
 
 
 
 
 
 
(a)                                     (b) 
Figure 4. Thermal image (a) and leakage 
current (b) of 132 kV ZnO arrester 
(applied voltage 90kV) 
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6.1 Temperature Profile of ZnOArrester  
 
The temperature profile of ZnO surge arrester 
was examined for 8 hours. Fig. 5 shows the 
example of temperature profile of ZnO surge 
arrester when applied voltage 90 kV as observed 
by a forward looking infrared camera.  According 
to the theory, the amount of leakage current was 
generated by ZnO surge arrester.  
In this example Fig. 5, the temperature hotspot 
of ZnO arrester was about 31.2oC and leakage 
current was about 240µA. All thermal images 
were observed by its temperature profile and 
leakage current was used the maximum leakage 
current. The experiments were carried out at the 
initial resistive leakage current of 0.5, 0.7 and 1 
mA, respectively. When AC voltage 
corresponding to each initial leakage current was 
applied to the ZnO arrester block, the thermal 
profiles of ZnO arrester block were observed. 
 
 
 
 
Figure 5. Thermal profile of 132 kV ZnOarrester 
(applied voltage 90kV) 
 
 
6.2 Leakage Current 
 
When AC voltage was applied for 8 hours, 
showed leakage current flowing through ZnO 
surge arrester under normal conditions is used as 
one of the health monitoring techniques. 
However, the leakage current itself does not 
indicate the severity of degradation of ZnO 
element. So need temperature as contra indicator 
for monitoring condition arrester [2, 9, 10]. 
Hence, a sharp increase leakage current due to 
degradation or ageing of ZnO affect the 
temperature considerably. The higher leakage 
current may ultimately bring in the ZnO surge 
arrester to thermal instability and may result in 
complete failure or breakdown of the arrester.  
 
 
 
Figure 6. Leakage current of ZnO surge arrester 
for every applied voltage 
 
Figure 6 shows the behaviors of the leakage 
current peaks as a function of the weekly 
measurements for the respective arresters 
samples. 
 
6.3 The Relationship between Leakage 
Current and Temperature  
 
Generally, the leakage currents which flowing 
through the ZnO arrester under power frequency 
AC voltage can be influenced the condition of 
ZnO arrester. The ZnO arrester is modeled as 
parallel resistor and capacitor. The resistive part 
of ZnO arrester generated the heat caused by 
leakage current. 
At that time, the leakage current is slightly 
related to the temperature rise of the ZnO arrester 
especially   inside block and is sensitive to the 
voltage distribution of the block. But the resistive 
leakage current generates joule heat, and thus 
molecule motion is promoted. The temperature 
rise occurs and finally, the life of the ZnO arrester 
block is shortened.  
The temperature rise of ZnO arrester blocks 
results in the reduction of the internal resistance 
of the ZnO arrester block [7,8]. Table 1 shows the 
applied voltage from 80 to 110 kV and the leakage 
current also temperature rise caused by leakage 
current. 
Fig. 7 shows the temperature and leakage 
current versus applied voltage. As previously 
stated, the temperature rise of the ZnO arrester 
block brings about an increase in the resistive 
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leakage current, and the increase of the current 
makes the temperature rise. In other words, the 
Joule’s heat generation by the temperature rising 
changes the resistance of the ZnO arrester block. 
 
Table 1. Applied voltage, leakage current and 
temperature 
Applied 
voltage (kV) 
Leakage 
Current (mA) 
Temperature (oC) 
80 0.099 29.62 
81 0.108 29.91 
82 0.1125 30.45 
83 0.118 30.63 
.... .... .... 
107 5.1356 52.1 
108 6.11 53.5 
109 7.71 54.4 
110 9.51 55.2 
 
As indicated, the resistance of the ZnO arrester 
blocks with the initial leakage current of 1 mA is 
decreased gradually. So, in the condition of the 
initial leakage current of 0.099mA, the 
temperature of ZnO arrester is gradually increased 
with the lapse of time until the thermal runaway is 
occurred.  
On the other hand, the resistance of ZnO 
arrester with the initial leakage current of 0.099 
mA is slowly decreased with the lapse of time. 
Consequently, it can be concluded that the 
resistances of ZnO arrester increased according to 
the internal temperature change of the ZnO 
arrester. 
 
 
 
Figure 7. Relationship between leakage 
current and temperature 
 Conclusion 
The degradation and thermal runaway 
phenomena of ZnO arrester block are closely 
related to the temperature limit of the ZnO arrester 
block. In the event that the temperature exceeds 
the acceptable limit ZnO block occurs thermal 
runaway, but below the temperature limit the ZnO 
arrester block maintains thermal equilibrium and 
stability. The linear relationship between 
temperature and leakage current of ZnO arrester 
can be used as indicator of aging or working 
condition identification of ZnO arrester. This 
phenomenon can occurs because the resistances 
of ZnO arrester vary with the change of internal 
temperature of the ZnO arrester  
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